This study quantified the free and conjugated phenolic content of extracts from selected Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) cultivated family plants and evaluated their antioxidant activities and beneficial properties toward diabetes and hypertension. Free and bound phenolics were extracted from plants, and total phenolic contents were evaluated. Antioxidant activities were assessed, as well as the inhibitory effects of angiotensin I-converting enzyme (ACE) and α-amylase and α-glucosidase activities. Liquid chromatography-mass spectrometry/ mass spectrometry (LC-MS/MS) measured the individual phenolic content in both free and bound extracts. The free phenolic contents in the selected plants were higher than bound phenolic contents, except for in zini and red globe grapes. In onion, the highest antioxidant activity was observed in the bound phenolic extract (49.6-56.9%). In pomegranates, grapes, and apples, the highest antioxidant activities were obtained in free phenolic extracts at 30°C with values of 65.3% to 74.2%, 39.6% to 47.6%, and 49.5% to 55.9%, respectively. ACE was 100% inhibited by the free phenolic extract at 30°C from white onion and by the bound phenolic extract after acid hydrolysis of red onion. The highest α-amylase enzyme inhibitory activity was obtained in free phenolic extracts at 60°C of both red pomegranates and zini grapes.
Introduction
Extensive studies [1] have found that secondary plant metabolites (e.g., peptides, sterols, hydrocarbons, alkaloids, phenolics, and amino acids) possess health benefits that include antiviral, antibacterial, antifungal, antioxidant, and antiinflammatory effects. [2] [3] [4] In dark-colored fruit and vegetables, these beneficial secondary metabolites include phenolic acids and flavonoids. [4, 5] Many studies show that phenolics have antifungal, antimicrobial, antioxidant, anticancer, antidiabetic, and antihypertensive properties and that they can reduce the risk of cardiovascular disease and obesity. [5] [6] [7] [8] [9] [10] [11] [12] Phenolics are able to conjugate with hormones and the digestive enzymes of carbohydrates, lipids, and proteins to reduce the bioavailability of these species within the gastric intestinal tract. [13] Recent studies have been investigating safer, natural inhibitors of α-amylase, α-glucosidase, and ACE. Phenolics and peptides extracted from fruits and vegetables are capable of inhibiting α-amylase, α-glucosidase, and ACE and represent effective, safe, tolerable, and less expensive alternatives for synthetic medications. [14] [15] [16] Apples from the Rosaceae family are rich source of phenolics such as quercetin glycosides, procyanidin B, chlorogenic acid, epicatechin, gallic acid, coumaric acid, phloretin glycosides, and flavonoids. [10, 17] Grapes of the Vitaceae family are a rich source of resveratrol, phytoalexin, phenolic acids, and flavonoids. [18] [19] [20] The major predominant phenolics present in onion (Liliaceae family) are ferulic acid, gallic acid, protocatechuic acid, quercetin 7,4-diglucoside, quercetin 3,4-diglucoside, isorhamnetin 3,4-diglucoside, quercetin 3-glucoside, quercetin 4-glucoside, and isorhamnetin 4-glucoside. [17, 21] The most common types of identified phenolics in pomegranate (Punicaceae family) are anthocyanins, ellagic acid, tannins, gallic acid, naringin, luteolin, punicalagin A, and punicalagin B. [17, 22, 23] This study aimed to investigate the antioxidant and the inhibitory activities of enzymes related to hypertension and diabetes as related to both free and bound phenolics extracted from selected Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) family plants that are cultivated and consumed in Jordan.
Materials and methods

Chemicals
All chemicals used were analytical reagent grade, unless otherwise noted, and all solvent were HPLC grade; chemicals and standards were obtained from Sigma Chemicals Company, USA.
Plant material
Selected Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) family plants were purchased from a local Jordanian market in Irbid. The selected samples were washed with distilled water and then freeze dried (Labtech LFD-5508, Daihan Labtech Co. Ltd., Korea). The dried materials were ground using a coffee grinder and stored in plastic bags at −40°C (Sanyo Biomedical Freezer, Japan). The samples were kept for further analysis.
Extraction of free phenolics
Free phenolics were extracted from the samples according to the method described by Alu'datt et al. [24] One gram of each dried samples was mixed with methanol (25 ml) for 1 h/30ºC in water bath (Vision Scientific Co., USA) with shaking. The methanolic extracts were filtered using filter paper (Whatman #1, UK). The methanolic extracts were designated as free phenolics extracts at 30ºC (FP-30ºC) and stored at −18ºC for further analysis. The residues remaining after methanolic extractions at 30ºC were subjected to methanolic extractions using 25 mL methanol (1 h/60ºC) in shaking water bath. The extracted phenolics were filtered using filter paper and stored at −40ºC for further analysis. The methanolic extracts were designated as free phenolics extracts at 60ºC (FP-60ºC).
Extraction of bound phenolics
Bound phenolics were extracted from the previous sample residues according to the method described by Alu'datt et al. [24] The residues were hydrolyzed with a basic solution (25 mL; 0.1 M NaOH, pH 12.0) at 30°C for 24 h in shaking water bath and later freeze dried. The liberated phenolics from dried residues were extracted with methanol (25 mL) for 1 h at 30°C and then stored at −40°C for further analysis. The methanolic extracts were designated as bound phenolic extracts after base hydrolysis (BP-base). The remaining residues were hydrolyzed with acid (25 mL; 0.1 M HCl, pH 2.0) at 30°C for 24 h in a shaking water bath and then freeze dried. The liberated phenolics were extracted from dried residues with methanol (25 mL) for 1 h at 30°C and then stored at −40°C for further analysis. These methanolic extracts were designated as bound phenolics extracts after acid hydrolysis (BP-acid).
Free and bound phenolic content within extracts The phenolic content in the free and bound phenolic extracts was evaluated using the FolinCiocalteu spectrophotometric method. [24, 25] Standard calibration curves were prepared using a 1 mg/mL stock solution of gallic acid in distilled water to measure the phenolic contents of each extract. Phenolic extract (1 mL), distilled water (7.5 mL), and Folin-Ciocalteu reagent (0.5 mL) were mixed at 25°C for 4 min. Then, 5% sodium carbonate solution (Na 2 CO 3 ; 1 mL) was added to neutralize the reaction. The green color intensity was measured after 1 h at room temperature by spectrophotometer (UV 1800, Biotech Engineering Management Co. Ltd., UK) at 725 nm. The phenolic content of each extract was expressed as mg of gallic acid equivalents per gram of dry matter (mg GAE/g).
Antioxidant activity of phenolic extracts
The antioxidant activity of β-carotene bleaching methods was used [9, 26] with modifications. [27] A mixture of β-carotene (1 mL) in chloroform (2 mg/mL), linoleic acid (0.2 mL), and Tween 20 (2 mL) was prepared, and the chloroform subsequently evaporated under a nitrogen stream. Distilled water (20 mL) was mixed with the previous mixture to saturate it with oxygen. A 96-well ELISA plate was loaded with 20 µL of either the sample or the distilled water (control) mixed with 200 µL of the emulsion. The reaction initially mixed in a 50°C water bath. Absorbance values at 450 nm were recorded at 0 min and again after 60 min of incubating in the 50°C water bath (Biotek Instruments, USA). Antioxidant activity was measured as percentage of inhibition according to Equation 1:
where A bs is the absorbance of the phenolics extract at 0 min, A as is the absorbance of the phenolics extract after 60 min, A bnc is the absorbance of the control (no phenolics) at 0 min, and A anc is the absorbance of the control (no phenolics) after 60 min.
ACE inhibition activity of phenolics extracts by reversed-phase high-performance liquid chromatography (RP-HPLC)
The inhibitory activities of phenolic extracts were evaluated using the HPLC method described by Pinto et al., [28] with some modifications by Del Castillo et al. [29] and Theodore and Kristinsson. [30] A mixture of sample, enzyme, and reagent was mixed thoroughly to inhibit enzymatic reactions. Phenolic extracts (40 µL) were incubated at 30°C for 5 min with the enzyme (0.25 unit/mL in borate buffer, pH 8.3). Afterward, substrate (hippuryl-L-histidyl-L-leucine, 5 mM) was added and incubated at 30°C for 30 min. Acid (1.0 M HCl, 150 µL) was further added to inhibit the reaction. Distilled water served as a blank. RP-HPLC analysis was carried out using an Agilent 1100 series HPLC system (Agilent Technologies, Waldbronn, Germany) equipped with a quaternary gradient pumping system (Agilent, G1312) for high-pressure solvent delivery, an automatic injector (Agilent, G1313A) with a 100 µL injection loop, and a variable wavelength UV-detector (Agilent, G1314A). A sample aliquot (15 µL) was injected into the C 18 RP column (150 mm X 4.6 mm i.d., 5 μm particle size; Thermo Technologies, USA). Elution at a 1 mL/min flow rate occurred at ambient temperature using a two-buffer gradient system: (A) phosphoric acid (pH 2.5; 10 mM) and (B) 100% methanol. Methanol increased gradually to 60% of the buffer during the first 8 min, increased to 100% for 5 min, and finally decreased to 0% for the next 5 min. The liberated hippuric acid within the eluent was measured at 228 nm in 1 s intervals. The obtained chromatograms were integrated using Agilent ChemStation to measure liberated hippuric acid, and then the data were converted to Microsoft Excel. A standard of hippuric acid in methanol was used for calculation concentration of liberated hippuric acid. The inhibitory activity of ACE was measured as percentage according to Equation 2:
Where E is the concentration of liberated hippuric acid.
Inhibited alpha-glucosidase activity from phenolic extracts
The inhibition of α-glucosidase was performed according to the method described by the Worthington Enzyme Manual with some modifications from McCue et al. [31] Phenolic extract (50 μL) was mixed with 0.1 M phosphate buffer (100 μL, pH 6.9) that contained α-glucosidase solution (1 unit/mL) in 96-well plates. An aliquot of p-nitrophenyl-α-D-glucopyranoside solution (50 μL, 5 mM) in phosphate buffer (pH 6.9; 0.1 M) was added to each well. The 96-well plate reaction mixtures were incubated in a water bath at 25°C for 5 min. A phosphate buffer sample (pH 6.9; 0.1 M) was used as a control. The absorbance values for both the samples and control, before and after incubation, were monitored at 405 nm by a microplate reader (Biotek Instruments, USA) and compared to a buffer control solution. Inhibited α-glucosidase activity was calculated according to Equation 3 :
Where ΔA 405 is the difference between the absorbance values before and after incubation.
Alpha-amylase inhibition activity of phenolics extracts
Inhibited α-amylase activity was measured according to the method described by McCue et al., [31] with some modifications. Starchy potato (0.5 g) was mixed with phosphate buffer (100 mL, pH 6.9) at 65°C for 20 min. A solution of α-amylase (0.030 g) was mixed with distilled water (100.0 mL). Sodium potassium tartrate (12.0 g) was solubilized in NaOH (8.0 mL; 2 M). The tartrate solution was mixed with 2% 3, 5-dinitrosalicylic acid in a 1:1 ratio (v/v). Phenolic extracts (40 μL) and controls were mixed with 400 μL of starch and 200 μL of α-amylase solutions at room temperature and were allowed to react for 3 min. The absorbance was measured at 540 nm as the amount of liberated maltose. A standard curve was prepared using a stock solution of maltose (1 mg/mL). The phenolic extract α-amylase activity inhibition was determined using Equation 4:
LC-MS/MS analysis for individual phenolic content within extracts
Phenolic standards (p-hydroxybenzoic acid, gallic acid, epicatechin, ferulic acid, vanillic acid, chlorogenic acid, p-coumaric acid, naringenin, syringic acid, luteolin, quercetin, rutin, and sinapic acid; Sigma Chemical Company, USA) mixed with the HPLC mobile phase. The extracts were evaporated by sample concentrator (Labconco Corp., Missouri, USA). Samples were dissolved in 1 mL of methanol, vortexed, centrifuged, and then ionized using electron spray ionization mass spectrometry/mass spectrometry (ESI MS/MS). Liquid chromatography-mass spectrometry (LC-MS) analyses were carried out using an Agilent HPLC 1200 (Agilent, Waldbronn, Germany) equipped with Analyst® software (AB SCIEX QTRAP, Ontario, Canada), a degasser (Agilent, G1379A), a binary gradient pump (Agilent, G1312A), an autosampler (Agilent, G1313A), a column oven (Agilent G1316A), and a diode array detection system (Agilent, G1315A). The HPLC system connected in series with an API 3200 Triple Quadrupole (AB SCIEX, Ontario, Canada) ion trap MS fitted with an ESI source. The MS was operated in negative mode (-ESI) at −4500 V with a 450°C drying temperature and −10 eV collision energy. Experiments were carried out on a reversed phase C 18 column (Thermo Technologies, USA) (150 mm X 4.6 mm i.d., 5 μm particle size) using solvent A (0.1% formic acid in deionized water) and solvent B (0.1 mL of formic acid dissolved in 90 mL of methanol and 10 mL of acetonitrile).
Statistical analysis
Data were analyzed using the general linear model (GLM) procedure. Pearson's correlation coefficient (r 2 ) was calculated with SAS Version 9.1.3 software package (SAS 2002 Institute Inc., Cary, NC, USA) and was considered significant when p ≤ 0.05. Means were separated by least significant difference (LSD) analysis (p value 0.05).
Results and discussion
Total free and bound phenolic contents Table 1a demonstrates the total free and bound phenolic contents within extracts from selected Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) family plants. The total free phenolic contents were 6.77 mg/g for white onions, 3.87 mg/g for red onions, 4.02 mg/g for red pomegranates, 2.49 mg/g for pink pomegranates, 2.9 mg/g for zini grapes, 1.66 mg/g for red globe grapes, 3.10 mg/g for baladi grapes, 3.32 mg/g for yellow apples, and 3.78 mg/g for red apples. However, the total bound phenolic contents were 0.75 mg/g for white onions, 1.03 mg/g for red onions, 1.17 mg/g for red pomegranates, 0.82 mg/g for pink pomegranates, 3.52 mg/g for zini grapes, 2.73 mg/g for red globe grapes, 1.08 mg/g for baladi grapes, 0.71 mg/g for yellow apples, and 0.45 mg/g for red apples. The highest phenolic contents were found in free phenolic extracts at 30°C for white onion, red onions, red pomegranate, pink pomegranate, baladi grape, yellow apple, and red apple (5.97, 3.40, Table 1a . Phenolics content (mg/g dried sample) of free and bound phenolics extracted from Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families. 3.23, 2.45, 2.61, 2.93, 2.95 mg/g, respectively). For zini and red globe grapes, the highest phenolic contents were found in the bound phenolic extracts after acid hydrolysis (2.06 mg/g and 2.43 mg/g, respectively). Figure 1 illustrates the distribution of free and bound phenolics contents as a percentage of the total phenolic content in selected plants of Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families. The major phenolic contents are present in the free form for white onion, red onions, red pomegranate, pink pomegranate, baladi grape, yellow apple, and red apple, representing 74.34-90.08% of the total phenolic content. However, the remaining phenolic contents are in the bound form, representing 9.92% to 25.66% of the total phenolic contents. This finding is in agreement with our previous study [24] that reported the major phenolic content consists of free form phenolics. Sun et al. [32] reported that the major phenolics are found in the free form through different fruits and vegetables. For zini and red globe grapes, the majority of phenolics are in bound form, representing 54.918 to 62.254% of the total phenolic content.
Antioxidant activity of phenolics extracts
The extracted free and bound phenolic antioxidant activities are shown in Table 1b for selected plants of the Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families. The highest antioxidant activities were found in bound phenolic extracts after acid hydrolysis in the white onion, red onion, and zini grape (49.6, 56.9, and 42.0%, respectively) as compared to other phenolics extracts. The red pomegranate, pink pomegranate, red globe grape, baladi grape, yellow apple, and red apple had the highest antioxidant activities in free phenolic extracts at 30°C (74.2, 65.3, 39.6, 47.6, 55.4, and 49.5%, respectively). The antioxidant activities between BP-base and BP-acid extracts differed significantly (LSD p < 0.05; Table 1b) within the majority of the plants as compared to FP-30°C or FP-60°C extracts; however, the red pomegranate and yellow apple had similar antioxidant activity percentages in both the FP-60°C (41.0 and 14.4%, respectively) and the BP-acid (37.0 and 20.2%, respectively) extracts. There was a significant difference between the FP-30°C and FP-60°C extract antioxidant activities for most plants, with the white onion as the only exception (FP-30°C extract: 29.1% versus FP-60°C extract: 27.6%). With all selected plants, the antioxidant activities of BP-base extract were significantly lower as compared to the corresponding antioxidant activities of BP-acid extract for all selected plants. 
FP-30°C
FP-60°C BP-base BP-acid Figure 1 . Distribution of free and bound phenolics, as a percentage of total phenolic content (total free and bound), from selected plants of Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families. Table 2 shows the ACE inhibitory activities of the free and bound phenolics extracted from Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) family plants. The ACE inhibition by BP-base and BPacid extracts differed significantly, as compared to the corresponding FP-30°C or FP-60°C extracts for most selected plants. However, the ACE inhibition activities from red pomegranate did not differ significantly between the FP-30°C and the BP-acid extracts (17.2 and −4.7%, respectively). All selected plants showed significant differences in ACE inhibitory activities between FP-30°C extract compared to the inhibitory activities of the corresponding FP-60°C extracts. Likewise, all BP-base extracts produced significantly different ACE activity inhibition as compared to BP-acid extracts. The highest ACE activity inhibition was found in FP-30°C and BP-acid extracts for both white and red onions, each with 100% inhibition. All phenolics extracts from red and pink pomegranates activated ACE, with the exception of FP-30ºC extracts that inhibited ACE activity (red pomegranate: 17.2% and pink pomegranate: 26%). Similarly, grape phenolic extracts activated the ACE with the exception of FP-30°C zini and baladi grape extracts. These showed ACE activity inhibitions of 19.8 and 25.5%, respectively. Most phenolic extracts from yellow and red apple also activated ACE, except Mean values (n = 3) with the same letter in a row are not significantly different (p > 0.05). Least significant difference: LSD. Table 2 . ACE inhibitory activity (%) of extracted free and bound phenolics from Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families for the FP-30°C and FP-60°C extracts from yellow apple that showed ACE inhibition (17.2 and 12.5%, respectively). The results suggested that the bound phenolics from all plants activated ACE and therefore have the potential to increase blood sugar levels. No information has been reported regarding the ACE activation effects of bound phenolic plant extracts. Activation may be due to protein-phenolic interactions causing increased enzyme activity, which depends on the molecular structures of both the phenolics and the proteins. [33] Kozuma et al. [34] found that chlorogenic acid, the main component of water-soluble green coffee bean extracts, lowered blood pressure in mildly hypertensive patients; however, Kwon et al. [35, 36] found no ACE inhibitory effects of chlorogenic acid in vitro. Park and John [37] found that methanolic phenolic extracts from Phyllostachys pubescens and Phyllostachys nigra shoots exhibit ACE inhibition activity in vitro.
ACE inhibitory activities of phenolic extracts
Alpha-amylase inhibitory activities of phenolics extracts
The effects of extracted free and bound phenolics from Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) family plants on diabetic alpha-amylase enzyme are shown in Table 3a . With each plant, FP-30°C extract inhibited α-amylase enzyme activity significantly differently as compared to the corresponding FP-60°C extracts. All phenolic extracts from red onion activated the α-glucosidase enzyme, as well as FP-60°C and bound phenolic extracts from white onion. However, the FP-30°C extract from white onion showed α-glucosidase inhibition (33.5%). Similarly, α-amylase enzyme activity inhibition significantly differed between BP-base and BP-acid extracts for all tested plants. Most free and bound phenolic extracts from pomegranate activated the α-amylase enzyme, but the FP-60°C extracts from red pomegranate inhibited α-amylase activities (100%). Grape phenolic extracts mostly activated the α-amylase enzyme, except for the FP-60°C and BP-base extracts from both zini and red globe grapes, which inhibited α-amylase activity (zini grapes: 100.0 and 84.0%; red globe grapes: 65.2 and 100%; FP-60°C and BP-base values, respectively). The free and bound phenolic extracts from apple activated the α-amylase enzyme, with the exception of BP-acid extract from yellow apple and FP-60°C extract red apple, which inhibited α-amylase activities (33.1 and 64.4%, respectively). The results suggested that the bound phenolics have an affinity toward diabetic α-amylase enzyme activation in all selected plants. In a study regarding 21 flavonoids, Kim et al. [38] showed that the same compound can have different effects on two enzymes (i.e., hesperidin and kaempferol activated α-glucosidase and highly inhibited α-amylase, whereas luteolin and quercetin highly inhibited both enzymes). Table 3a . Alpha-amylase inhibitory activity (%) of extracted free and bound phenolics from Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families. Alpha-glucosidase inhibitory activities of phenolics extracts Table 3b illustrates the effects of the extracted free and bound phenolics from Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) family plants on the diabetic alpha-glucosidase enzyme. The inhibition of α-glucosidase enzyme activity from FP-30°C extracts differed significantly compared to that of the corresponding FP-60°C extract inhibitions with the exception of red onion and red and pink pomegranates (range values 31.0-33.2, 95.9-99.6, and 99.3-100%, respectively). With all plants, the α-glucosidase enzyme activity was inhibited by BP-base extracts significantly differently when compared to inhibition by BP-acid extracts. The highest α-glucosidase enzyme activity inhibition from either free or bound phenolics was found in both FP-30°C and FP-60°C extracts in red and pink pomegranates (95.9-100% inhibition). All phenolic extracts from white onion activated α-glucosidase enzyme (8.8-264.5%) except for FP-30°C extract that inhibited α-glucosidase enzyme.
The greatest α-glucosidase enzyme activity inhibition among phenolic extracts was found in FP-30°C from white onion, baladi grape, yellow apple, and red apple extracts (33.5, 99.6, 49.5, and 95.4%, respectively) as well as the BP-acid extracts for zini and red globe grapes (82.3 and 34.8%, respectively). In contrast, the BP-base extracts from both zini grapes and red apples activated the enzyme (−98.5 and −192.9%, respectively). The results suggested that the bound phenolics had an affinity toward activating diabetic α-glucosidase enzyme in the white onion, zini grape, and red apple. Loh and Hadira, [39] reported that free phenolics extracted from Manihot esculenta, Carica papaya, Cosmos caudatus, Centella asiatica, and Psophocarpus tetragonolobus weakly inhibited α-amylase activity and strongly inhibited α-glucosidase activity. Ademiluyi et al., [40] reported that bound phenolics extracted from soybeans had lower α-glucosidase inhibitory activity than the free phenolics. The variation in inhibitory activities of free and bound phenolics extracts may be related to variations in total and individual phenolic contents.
Correlation coefficients between phenolic contents and biological properties Table 4 shows the correlation coefficients between total phenolic contents, antioxidant activity, ACE inhibition, α-amylase inhibition, and α-glucosidase inhibition for Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe and baladi grape) and Rosaceae (yellow and red apple) extracts. Phenolic contents were significantly correlated with inhibitory activities of ACE, α-glucosidase, and α-amylase enzymes (0.99, 0.68, and 0.98, respectively). White Table 3b . Alpha-glucosidase inhibitory activity (%) of extracted free and bound phenolics from Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families. Mean values (n = 3) with the same letter in a row are not significantly different (p > 0.05). Least significant difference: LSD.
onion phenolic extract antioxidant activities significantly correlated with the inhibition of α-glucosidase enzyme activity (0.82), and ACE activity inhibition significantly correlated with α-amylase and α-glucosidase enzyme activity inhibition (0.99 and 0.72, respectively). The α-glucosidase inhibition from white onion extracted phenolics significantly correlated with antioxidant activity, ACE inhibition, and α-amylase inhibition (0.82, 0.72 and 0.80, respectively). Red onion extracted phenolics significantly correlated antioxidant activity with inhibitory activities of ACE, α-amylase, and α-glucosidase enzymes (0.91, 0.95 and 0.99, respectively). Likewise, these red onion phenolics significantly correlated α-glucosidase inhibition with ACE and α-amylase enzyme inhibition (0.91 and 0.99, respectively). The extracted phenolic contents from red pomegranate significantly correlated with biological properties (0.68-0.83), except for the correlation with α-amylase inhibition that Table 4 . Correlation coefficients (R) between total phenolics content, antioxidant activity, ACE inhibition, α-amylase inhibition, and α-glucosidase inhibition for Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families Table 5 . LC-MS/MS of extracted free and bound phenolics contents (percentage of total phenolics content based on peak areas) from Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families weakly correlated with the phenolic contents (−0.09). The antioxidant activity of extracted phenolics from pink pomegranate significantly correlated with inhibition of ACE and α-glucosidase activities (0.82 and 0.59, respectively). The phenolic contents significantly correlated with antioxidant activity and ACE inhibitory activities in extracts from pink pomegranates (0.77 and 0.98, respectively), yellow apples (0.97 and 0.63, respectively), and red apples (0.96 and 0.63, respectively). The contents of extracted phenolics from zini grapes significantly correlated with antioxidant activity, α-amylase inhibition, and α-glucosidase inhibition (0.66, −0.93, and 0.65, respectively) and also with extracted phenolics from red globe grapes (0.68, −0.80, and 0.71, respectively. Extracted phenolic content from baladi grapes significantly correlated with antioxidant activity and inhibitory activities of ACE, α-amylase, and α-glucosidase with values of 0.91, 0.96, 0.82 and 0.86, respectively. However, the antioxidant activities of extracted phenolics significantly correlated with inhibitory activities of ACE, α-amylase, and α-glucosidase for both baladi (0.99, 0.86, and 0.70, respectively) and zini (0.59, −0.88, and 1.00) grapes. The antioxidant activities of extracted phenolics from pink pomegranates, red globe grapes, yellow apples, and red apples significantly correlated with ACE activity inhibition with values of 0.66, 0.72, 0.71, and 0.68, respectively. Alpha-amylase activity inhibition of extracted phenolics from red globe grapes significantly correlated with antioxidant activity and ACE activity inhibition (−0.97 and −0.52, respectively).
Extracted phenolics from pink pomegranate, zini grape, and yellow apple significantly correlated α-amylase inhibitory activity with the inhibitory activity toward α-glucosidase (0.98, −0.87, and −0.89, respectively). Likewise, the extracted phenolics from red globe grape, baladi grape and red apple significantly correlated α-amylase inhibitory activities with ACE inhibitory activities (−0.52, 0.84, and 0.61, respectively). The correlations of α-glucosidase inhibition from zini and baladi grape phenolic extracts significantly correlated with ACE inhibition (0.61 and 0.78, respectively). Nho et al. [41] reported that the phenolic contents and ACE inhibitory activities for extracted phenolics from Boehmeria nivea also correlated (0.689), but they also reported negative correlations between antioxidant activities and ACE inhibitory activities from Boehmeria nivea extracted phenolics and its leaves (−0.919 and −0.930, respectively). Karadenuz et al. [42] reported positive correlations between phenolic contents and antioxidant activities in spring onion, potato, red radish, onion, and red cabbage.
Alu'datt et al. [43] found a strong positive correlation between phenolic contents and antioxidant activity in Thymus vulgaris. Dalar and Konczak [16] reported that the contents of extracted phenolics and ACE inhibition positively correlated in herbal teas from Phlomis armeniaca and Salvia limbata, whereas Ranilla et al. [15] found a strong negative correlation between these two factors in herbal teas from Latin America. Ranilla et al. [15] and Dalar and Konczak [16] reported a weak correlation between contents of extracted phenolics and α-amylase inhibition in Smilax officinalis and herbal teas, and similarly, Pinto et al. [28] reported a strong positive correlation between contents of extracted phenolics and α-glucosidase in strawberry. A strong positive correlation between antioxidant activity and ACE inhibition from extracted phenolics was obtained in Plantago lanceolata [16] and Nho et al. [41] reported the same correlation in Boehmeria nivea. Furthermore, α-amylase enzyme activity inhibition from extracted phenolics strongly correlated with antioxidant activity and inhibitory activities of α-glucosidase and ACE in peppers. [15] Analysis of free and bound phenolics by LC-MS/MS Table 5 illustrates the contents of individual free and bound phenolics obtained by LC-MS/MS from selected plants of Liliaceae (white and red onion), Punicaceae (red and pink pomegranate), Vitaceae (zini, red globe, and baladi grape), and Rosaceae (yellow and red apple) families. The predominant extracted bound phenolics after acid hydrolysis were vanillic acid for white and red onions (78.6 and 95.7% of total phenolic contents, respectively), vanillic and syringic acids for red and pink pomegranates (55.6, 40.5, 41.6, and 54.0% of total phenolics contents, respectively), p-coumaric, gallic, ferulic, vanillic acids for zini grapes (24.9, 20.8, 23.3, and 20 .1% of total phenolics contents, respectively), gallic acid for red globe and baladi grapes (92.9 and 81.5% of total phenolics contents, respectively), naringenin, luteolin, and sinapic acid for yellow apple (30.8, 42.9 , and 26.3% of total phenolics contents, respectively), and rutin for red apple (94.7% of total phenolics contents). The predominating bound phenolics extracted after base hydrolysis were gallic and sinapic acids for white onion (41.6 and 58.4% of total phenolics contents, respectively), rutin for red onion (92.4% of total phenolics contents), ferulic acid for red pomegranate (97.0% of total phenolics contents), sinapic acid for pink pomegranate (76.1% of total phenolics contents), ferulic acid for zini grape (68.2% of total phenolics contents), sinapic acid for red globe grape (66.8% of total phenolics contents), p-coumaric and ferulic acids for baladi grape (52.9 and 45.0% of total phenolics contents, respectively), naringenin for yellow apple (53.3% of total phenolics contents), and p-coumaric acid for red apple (89.1% of total phenolics contents). However, the major free phenolic extracted at 30 and 60°C from white and red onions was quercetin with values of 97.1, 96.8, 99.7, and 98.7% of total phenolics contents, respectively. The major free phenolic extracted at 60°C from red pomegranate was gallic acid (88.9% of total phenolics contents), whereas at 30°C these were vanillic acid, p-coumaric acid, and rutin (20.6, 23.6, and 26.9% of total phenolics contents, respectively). In pink pomegranate, the greatest percentage of extracted free phenolics at 30°C and 60°C were vanillic acid and ferulic acid (51.9% and 75.1% of total phenolics content, respectively). The major zini, red globe, and baladi grape extracted free phenolic at 60°C was epicatechin (91.9, 84.1, and 84.2% of total phenolics contents, respectively). The predominant extracted free phenolics at 30°C were epicatechin for zini grape (89.6% of total phenolics content), vanillic acid for red globe grape (57.2% of total phenolics content), and gallic acid and quercetin for baladi grape (21.5 and 37.6%, respectively). Extracted free phenolics at 30°C and 60°C from yellow and red apple were mainly chlorogenic acid (46.4, 69.8, 97.0, and 50.1% of total phenolics contents, respectively).
The major phenolics found in onions were quercetin, rutin, vanillic acid, sinapic acid, gallic acid and p-coumaric acid, similar to the phenolics identified in red and white onions by Pérez-Gregorio et al. [21] In Solanaceae vegetables, p-hydroxybenzoic acid, caffeic acid, ferulic acid, chlorogenic acid, vanillic acid, naringenin, luteolin, rutin, sinapic acid, gallic acid, p-coumaric acid, and quercetin were the major phenolics found, in agreement with results reported by Lee et al. [44] and Mattila and Hellström. [45] 
Conclusion
The highest bound phenolic contents were extracted from zini and red globe grapes compared to extracted free phenolics. The highest antioxidant activity and inhibitory activity of ACE were found in extracted bound phenolics after acid hydrolysis from red onion. Free and bound phenolics extracted from red globe grapes and red apples had ACE activation potential. The highest inhibition of α-amylase and α-glucosidase enzyme activities were obtained in free phenolic extracts from the red pomegranate. The majority of extracted free and bound phenolics activated α-amylase enzyme. The predominant extracted free and bound phenolics were quercetin, sinapic acid, and vanillic acid for onions; gallic acid, ferulic acid, vanillic acid, sinapic acid, and epicatechin for pomegranates; ferulic acid, epicatechin, sinapic acid, gallic acid, and p-coumaric acid for grapes; and, finally, chlorogenic acid, naringenin, rutin, and luteolin for apples. This study revealed that the free and bound phenolic extracts have potential activity with regard to key enzymes related to hypertension and hyperglycemia.
